The aim of the study was analysis of long-term results in patients following different methods of the surgical treatment of iatrogenic bile duct injuries. material and methods. Between January 1990 and March 2005, 138 patients -37 (26.8%) men and 101 (73.2%) women were operated for IBDI in the Department of Gastrointestinal Surgery, Silesian Medical University in Katowice. The mean age was 52.9 (18-85) years. The following reconstructions were performed: Roux-Y hepaticojejunostomy (49), end-to-end ductal anastomosis (45), jejunal interposition hepaticoduodenostomy (27), bile duct plastic reconstruction (6), choledochoduodenostomy (2) and others (8). Long-term results were assessed based on anamnesis, physical examination and accessory investigations (laboratory an ultrasonography of the abdominal cavity). Obtained results were classified according Terblanche scale. Quality of life was classified according to the Karnofsky Performance Score. Results. Information of long-term results was obtained in 91 (66%) patients. Long-term results according to Terblanche classification were the following: I grade -58 (63.7%) patients, II grade -14 (15.4%) patients, III grade -13 (14.3%) patients, IV grade (recurrent anastomosis stricture) -6 (6.6%) patients. Quality of life according to Karnofsky Performance Score was very good (the highest number of 100 points) in most (40.5%) patients. conclusions. Surgical reconstructions of IBDI are procedures that require maximal precision and knowledge of different methods of reconstruction of biliary tract continuity. The choice of the method depends on the situation in the operation area. Achievement of successful long-term results is possible in referral centers experienced in hepatobiliary surgery.
Iatrogenic bile duct injuries (IBDI) are an important problem in gastrointestinal surgery and remain a big challenge for a surgeon. It is associated and with a fact, that a cholecystectomy is the commonest surgical procedure in the world. A cholecystectomy is the most frequent cause of IBDI. Incidence of IBDI has increased because of widespread of laparoscopic cholecystectomy (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Incidence of IBDI following laparoscopic cholecystectomy (LC) is higher two-fold than after open cholecystectomy (OC) (approximally 0.4% vs 0.2%). The early and proper treatment of IBDI is very important, because unrecognized or improperly treated IBDI lead to serious complications such as biliary cirrhosis, hepatic failure, atrophy-hypertrophy complex and death (11, 12, 13) . The early and proper treatment of IBDI is very important, because it allows to avoid these serious complications and improve quality of life in patients. Initially, endoscopic treatment is recommended in patients with IBDI. When endoscopic techniques are not effective, different surgical reconstructions are performed (14, 15) . The goal of surgical treatment is to reconstruct the proper bile flow to the alimentary tract. In order to achieve this goal, many techniques are used. Surgical reconstructions of IBDI are very difficult. They are associated with 10-30% incidence of recurrent strictures (14, 16, 17) . It is associated with coexistent vascular injuries, postoperative ischemia and fibrosis. Technical conditions during surgical reconstruction are also difficult due to inflammation within the hapatoduodenal ligament. Restrictures lead to recurrent cholangitis and secondary biliary cirrhosis. Therefore, these patients require careful observation following surgical reconstruction of IBDI.
Long-term results are the most important in assessment of effectiveness of IBDI surgical repair. Therefore, the aim of this study was to analyze long term results in patients following different methods of the surgical treatment of IBDI. Decision concerning the repair procedure was based on laboratory and radiological examinations. The following laboratory investigations were performed before operation: cholestasis markers (bilirubin, alkaline phosphatase (ALP), gamma-glutamylotranspeptydase (GGT), liver function parameters (alanine (ALT) and asparagine (AST) aminotransferases) and general morphological and biochemical parameters (blood morphology, electrolytes, protein, albumines, creatinine and coagulation parameters) The following radiological investigations were performed: ultrasonography of the abdominal cavity, cholangiography, endoscopic retrograde cholangiopancreatography (ERCP), computed tomography, and magnetic resonance-cholangiography). The level of injury was classified according to Bismuth (tab. 2) (18).
MATERIAL AND METHODS

Patients
Biliary reconstructions
The following reconstructions were performed: Roux-Y hepaticojejunostomy (49), end-to-end ductal anastomosis (45), jejunal interposition hepaticoduodenostomy (27) , bile duct plastic reconstruction (6), choledochoduodenostomy (2) and others (9) (tab. 2).
Roux-Y hepaticojejunostomy (HJ) was the most frequent type of surgical reconstruction in our material. In this surgical technique, a proximal common hepatic duct was identified and prepared and the distal common bile duct was sutured. A Roux-Y jejunal limb, about 40-50 cm long, was prepared for biliary-enteric anastomosis. End-to-side or end-to-end hepaticojejunostomy was performed in a single layer using interrupted absorbable polydioxanone (PDS 4-0 or 5-0) sutures. This reconstruction was performed in patients with the lengthloss more than 4 cm when a tension-free endto-end ductal anastomosis was not possible to create.
End-to-end ductal anastomosis (EE) was created in patients when it was possible to dissect and approximate both the proximal and distal bile ductal ends without tension. In this surgical technique, excision of the bile duct stricture, dissection and refreshing of the proximal and distal stumps as far as the tissues were healthy and without inflammation was important. EE was created in a single layer using non-traumatic, monofilament-interrupted sutures 5-0. The approximating of both ends was possible because of a wide Kocher maneuver (mobilization of the pancreatic head with the descending, horizontal, and Long-term results in the surgical treatment of iatrogenic bile duct injuries ascending part of the duodenum out of the peritoneum). The maximal length-loss of the bile duct was 4 cm. Jejunal interposition hepaticoduodenostomy (JIHD), using 25-35 cm of the jejunal loop, was performed, in order to reconstruct physiological bile flow into the duodenum in patients when tension-free EE was not possible to create and prevention of duodenal ulcer was important. This reconstruction included three (biliary-enteric, enteric-duodenal and enteroenteric) anastomoses. Biliary-enteric anastomosis was performed in a single layer with interrupted absorbable sutures 5-0 and enteric-duodenal in a single layer with interrupted or continuous absorbable sutures 4-0. JIHD was used only in patient in good general condition, without active inflammation within the peritoneal cavity, with protein level more than 6 g/dl and serum bilirubin level less than 20 mg/dl. Good condition of the duodenal wall was important factor for proper healing of hepaticoduodenostomy with jejunal interposition. In other patients, HJ was performed.
Other types of biliary reconstructions were performed in a singular number of patients. Choledochoduodenostomy (ChD) was performed only in two cases of IBDI within the distal portion of the common bile duct, when the use of the jejunal loop was impossible. Bile duct plastic reconstruction or other surgical repairs were performed in lesions within shortlength bile duct portion. Other repair types (biliary drainage, suturing of the common bile duct, and removing of clips after laparoscopic cholecystectomy, revision and dilatation of biliary anastomosis) were used in patients with minor biliary injuries.
Biliary drainage
The bile ducts were drained after repair procedures in 109 (79%) patients. Bilary drainage was not used in 29 (21%) patients. The following types of biliary drainage were used: external Kehr drainage, internal drainage conducted into the duodenum by the papilla of Vater, Rodney-Smith drainage and others (tab. 2).
External T drainage involved using a typical Kehr tube with insertion of its short branches into the bile duct and conducting of its long branch through the abdominal wall outside. Y drainage involved insertion of short branches of the Kehr tube into both right and left hepatic ducts, splinting of the anastomosis and conducting of its long branch through the jejunal loop and abdominal wall outside (external Y drainage) or into the duodenum by the papilla of Vater (internal Y drainage). An external T or Y tube were removed percutaneously and an internal Y tube was removed endoscopically. The most frequently, external T drainage was used in biliary-enteric anastomosis and internal Y drainage in end-to-end ductal anastomosis. In Rodney Smith drainage, two straight tubes splinting the biliaryenteric anastomosis were brought via hepatic ducts and through liver parenchyma and conducted through the abdominal wall outside.
Data collection and analysis
Information of long-term results was obtained in 91 (66%) patients through patient ambulatory control visit and by telephone surveys. Letters to all operated patients were sent by postal surveys. Patients who had answered the letters were invited to the hospital for control visits. Assessment of long-term results was performed on the grounds of medical review, physical examination, and additional (laboratory and radiological) investigations. All patients were asked about their general health status, presence of clinical symptoms of cholangitis (fever, chills, jaundice, abdominal pain), and weight loss. Laboratory investigations (serum bilirubin, alkaline phosphatase, gamma-glutamyltranspeptidase, alanine and aspartate aminotransferases) were performed. The ultrasonography of the abdominal cavity in order to asses intra-and extra-hepatic bile ducts with measurement of the common bile duct (CBD) or common hepatic duct (CHD) diameter was performed. Obtained results were classified with the clinical grading according to Terblanche (16) .Quality of life was classified according to the Karnofsky Performance Scale (19) . Results are reported as the mean ± standard deviation and range. 
RESULTS
Long
DISCUSSION
The most important goal of all biliary repairs is to reconstruct the physiological bile Long-term results in the surgical treatment of iatrogenic bile duct injuries flow to the alimentary tract. It allows proper digestion and absorption within the gastrointestinal tract. Also, it allows to avoid serious complications such as recurrent cholangitis and secondary biliary cirrhosis with liver failure. According to the literature, duration of biliary obstruction is the most important risk factor of biliary cirrhosis. According to Negi et al, basal ALT levels and time to normalization of serum total bilirubin, ALT, and ALP levels after surgical drainage are significant predictors of advanced hepatic fibrosis in patients with IBDI (20). Sikora's et al study revealed that prolonged time from injury to repair and portal hypertension were important parameters correlating with secondary biliary cirrhosis. They recommend early biliary repair in order to prevent liver fibrosis. A successful relief of biliary obstruction may halt and/or reverse pathological changes in the liver (21) . According to the literature, biliary cirrhosis occurs in two thirds of patients without effective biliary repair. Portal hypertension is noted in 15-25% of patients with biliary cirrhosis due to IBDI (22, 23, 24) . Reoperations within inflammation, fibrosis and a higher risk of intra-operative bleeding due to portal hypertension with collateral circulation and intraperitoneal adhesions are very difficult and associated with increased mortality rate (26-36%) (24) . Therefore, early and proper biliary reconstruction increases survival rate and decreases morbidity and mortality rates in patients with IBDI. Törnqvist et al, revealed in a cohort study, that patients with iatrogenic reconstructed bile duct injury had a decreased survival rate compared with non injured cholecystectomy patients (25) . Long-term outcome is the most important in assessment of results of IBDI surgical treatment. The best proof of successful surgical treatment is absence of biliary anastomosis stricture. In referral hepatobiliary centers, a successful outcome after surgical repair of IBDI is observed in 70-90% of patients. Biliary strictures following reconstructions appear in 10-30% of patients (12, 15, 16) . According to another literature data concerning major and recurrent IBDI, restrictures are reported in more than 30-50% (26, 27) . Two-thirds (65%) of recurrent biliary strictures develop within 2-3 years after the reconstruction, 80% within 5 years, and 90% within 7 years. Recurrent strictures 10 years after the surgical procedure are also described in the literature (12, 28, 29) . Satisfactory length of follow-up, which is necessary in order to assess long-term results of the repair procedure, is 2 to 5 years (28, 30) . Some authors recommend 10 or 20 years of observation (16, 31) . The follow-up period reported in the literature, is commonly from several months to many years (the mean length of follow-up is 30-36 months) (32, 33). In our study, the mean duration of follow-up was 82.50 months and in some patients it was more than 200 months (16 years). We noted recurrent biliary restrictures (grade IV according to the Terblanche classification) in 6.66% of patients. The incidence of recurrent strictures in our patients was lower than in most analyzed groups in the literature (10-30%). Satisfactory long-term results according to Terblanche classification correlated with high quality of life according to Karnofsky score in most patients.
High location of biliary injury (III-V grade according to Bismuth scale), concomitant arterial injury, especially involving branches of proper hepatic artery, biliary cirrhosis and portal hypertension are associated with poor result of repair more frequently) (34) . Proper surgical reconstruction is the commonest factor influencing on long-term outcome in patients with IBDI. Therefore, decision regarding the type of repair is very important.
A number of reconstructions are used in surgical treatment of IBDI. There are some conditions of proper healing of each biliary anastomosis. The anastomosed edges should be healthy, without inflammation, ischemia and fibrosis. The anastomosis should be tension-free and properly vascularized. It should be performed in a single layer with absorbable sutures (1, 25, 36) .
It is possible to achieve satisfactory longterm results, if repair follows criteria mentioned above. Roux-Y hepaticojejunostomy is the most frequently performed surgical reconstruction of IBDI (1, 37, 38) . In our patients, different methods of reconstruction were performed. Three types of repair were performed the most frequently: Roux-Y hepaticojejunostomy, end-to-end biliary anastomosis and jejunal interposition hepaticoduodenostomy. Another surgical procedures were performed in minor IBDI such as biliary drainage or removing of laparoscopic clips. Decision regarding type of repair was made during operation and it depended on intra-operative situation and conditions. EE was created as the method of choice, when it was possible, because it is the most physiological reconstruction. In patients, who didn't follow criteria of qualification to this repair, in good general condition, without hypoalbuminemia and inflammation, JIHD was created. This method of repair doesn't disturb proper bile flow into the duodenum and it is useful in patients with peptic ulcers. In other patients, HJ was created.
The aim of this paper was not comparison of different methods of reconstruction (HJ and EE were compared in the other study (38) , but general assessment of long-term results after surgical repairs in our department.
Based on our many years experience, we can recommend EE as the method of choice in the surgical treatment of IBDI. If it impossible to create, JIHD should be considered. HJ is used commonly and it is possible to perform in most patients.
It should be emphasized that in more than 30% of patient, a previous ineffective repair (choledochoduodenostomy or hepaticojejunostomy) had been performed in general surgery hospitals before surgical reconstruction in our department. It is a proof, that IBDI should be repaired in referral centers experienced in hepatobiliary surgery. It is important, because reoperations following ineffective repairs of IBDI are more difficult and associated with higher morbidity rate than first biliary reconstructions. Different cases of male-repair requiring second reconstruction are reported in the literature (39). 
